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The purpose of this study was to evaluate the
effectiveness of landing technique training versus
landing technique and plyometric/ strength training
program on knee valgus during landing in females.
Subjects participated in a 6-week training program. A 2

X·

3 repeated measures ANOVA with two within subjects
faqtors Test and Group waR used to test for differ~nces
in the knee valgus angle in the landing condition and the·
five jump condition •. A 2 x 2 repeated measures ANOVA
with two within subjects factors, was used to test for
difference in knee extension strength and knee flexion
strength. Pre-test knee-valgus 4.76 ± 2.30 d was
significantly different from the post-test -13.89
!0.80 d.

±

There were no significant improvements in lRM

kneeflexion and extension strength.

The primary

findings suggests both training groups reduced knee
valgus motion.
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Introduction

Enactment of Title IX has resulted in a gradual
increase of female participation in sports. As a
consequence of increased female participation in sports
there has been a concomitant increase in athletic
injuries. In particular, females have been observed to
experience an unusually high incidence of non-contact
anterior cruciate ligament (ACL) injuries. Female
athletes are four to six times more likely to sustain an
injury to their anterior cruciate ligament (ACL) than
their males counterparts ·(Hewett, Meyer, Ford, 2005
Agel, Arendt 2005,Lephart, et al., (2001

&

&

2002).

Currently interest lies within the possible predisposing
intrinsic and extrinsic factors that may lead to an ACL
rupture. Possible predisposing factors include joint
alignment of the lower extremity (hip, knee, ankle, and
metatarsals), joint displacement, and ground impulse
forces placed upon the body during landing activities.
Recently, training programs have been developed to
minimize the likelihood of non-contact ACL injuries in
females.

The focus of these programs is to strengthen

the muscles that support the lower extremity and to teach
the athlete to land with increased knee flexion and
decreased knee valgus motion (Hewett et al,1996, Caraffa
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et al, 1996, Griffis et al, 1989 & Hewett, Lindenfeld,
Riccobene,

&

Noyes,1999).

Wojtys and colleagues (1996)

noted that agility exercises improve muscle reaction time
to anterior tibia translation, but isotonic and
isokinetic strength training of the lower extremities do
. not appear to improve this parameter. Hewett and
colleagues (1996

&

1999) observed a significant imbalance

between hamstring and quadriceps power, strength, and
peak torque ratios in female athletes prior to training.
After a six-week preseason jump-training program
involving weight training, plyometrics and stretching,
the quadriceps/hamstring ratios significantly improved.
Jump-training programs have been shown to reduce serious
knee injuries two- to- fourfold when compared the
untrained control females and males (Hewett et al.,
1999). However, since Hewett et al. (1999) did not
monitor the extent to which their training program
resulted in kinematic changes during landing, it is
uncertain if their observed changes in injury rates can
be attributed to kinematic alterations during landing.
The purpose of this study was to evaluate the
effectiveness of landing technique training only to
combined landing technique and plyometric/ strength
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training program on knee valgus during landing in
females.
Methods
Subjects

Four female subjects, age range 18-21 years, height
163.25

±

6.70 cm, weight 65.54

±

4.78 kg volunteered to

participate in the study approved by the Human Subject
Institutional Review Board.

Subjects provided their

informed consent and completed a PAR-Q prior to
participation.

Exclusion factors were lower extremity

injury within the past year, lower extremity surgery, any
bone abnormalities such as rheumatoid arthritis or
osteoporosis, self-reported pregnancy or intention to
become pregnant, and or if the potential subject does not
land in the knocked-knee position during the screening
session.

Training Groups

Subjects were randomly assigned to one of the
following training groups: (1) Landing Technique
Training, (2) Landing Techniqu,~ and Strength Training.
Subjects followed a 6-week plyometric training program
developed by Hewett et al. (1996) (APPENDIX: F).

Warm-up

and cool-down was a three lap walk and stretching of the
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hamstrings (modified hurdler), quadriceps, groin
(butterfly), and calf stretches.
The Landing Technique (LT) group performed six weeks
of jump training exercises designed to develop proper
landing techniques.

The specific exercises performed are

listed in Table 1, Week 1.

These exercises were

performed for the entire six-week training period.

The

subjects were provided with feedback pertaining to their
landing position to reinforce proper technique.
Landing Technique and Strength Training (LTST) group
performed knee flexion and extension using 65% of their
lRM that they performed during their initial screening.
The weight training consisted of 2 sets of 12
repetitions. At each two-week mark the weight was
increased by 5 lbs for knee extension and 2.5 lbs for
knee flexion. Lunges and calf raises were performed with
a 5 lb weight in each hand. The jump training had 3
phases with 2-week increments. Phase I was technique,
Phase II was fundamentals, and Phase III was performance,
see Table 1.

In addition, subjects in this group also

received the same feedback pertaining to their landing
technique as provided the LT group

4

Instrumentation

Participants were filmed using a 60 Hz, 2-D Peak
Motion analysis system. A JVC video camera (model TKC1380U), sampling ·at 60 Hz was used to track retroreflective markers in the frontal plane~ Landing trials
were collected, tracked, rectified, joined, and smoothed,
with the Peak Matus, version 5.1 software, (Peak
Performance Technologies Inc., Centennial, CO).
Data Collection and Analysis

All subjects were filmed while performing the
following conditions: (1) five vertical jumps and (2)
landing from a 20 cm box.

These two conditions were

analyzed at the following time points: prior to training
(pre-test), following training (post-test) and two weeks
after training ended (follow-up).

Digitizing began 10

frames prior to ground contact and terminated 10 frames
after takeoff.

Reflective markers were placed on the

following anatomical landmarks: greater trochanter of the
thigh, lateral tibial plateau of the knee, and lateral
malleoulus. The thigh segment (hip-knee) was used to
define the angle of the thigh to the right horizontal.
The lower leg segment (knee-ankle} was used to define the
angle of the lower leg to the right horizontal.

Finally,

the knee valgus angle was computed by subtracting the
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lower leg angle from the thigh angle, with negative
values representing varus and positive values
representing valgus.

The mean varus/vaigus angle was

computed for both the landing and the five jump condition
and was used for statistical analysis.·

Statistical Analysis

A 2 x 3 repeated measures ANOVA with two within
subjects factors Test (pre-test, post-test, follow-up)
and Group (LT, LTST) was used to test for differences in
the knee valgus angle in the landing condition and the
five jump condition.

A 2 x 2 repeated measures ANOVA

with two within subjects factors, Test (pre-test, posttest) and Group (LT, LTST) was used to test for
difference in knee extension strength and knee flexion
strength.

Alpha was set at 0.05 and post-hoc tests were

performed using the Tukey post-hoc procedure.

Results

Mean knee valgus angles for the jump landing
condition are presented in Table 2 by training group and
test.

There was no significant difference in the

training groups (F(l,4) = .91, p = .44).

The training

programs did not produce significant changes in the
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valgus angle during the landing condition (F(2,4) = 3.07,
p = .16).

While this difference was not significant,

both training groups did show improvement.

The technique

only group improved knee Valgus during landing by 13.44 d
and the strength

&

technique group imp~oved knee Valgus

by 17.51 d, from pre-test to post-test, respectively.
Finally, there was no significant interaction between
training group and test (F(2,4) = .45, p = .66),
suggesting that the changes over time were consistent
between groups.
The mean knee valgus·angles for the five jump
condition are presented in Table 3 by training group and
test.

There was no significant difference in the Valgus

angle between the training groups (F(l,4) = .45, p =
.57).

The interaction between training group and test

=

was not significant (F(2,4)

.60, p

=

.59).

There was a

significant improvement in the valgus knee angle for test
factor (F(2,4)

=

7.96, p

=

.04).

Tukey post-hoc tests·

indicated that the pre-test 4.76 ± 2.30 d was
significantly different from the post-test -13.89

±

10.80 d.
The mean lRM knee flexion values are shown in Table
4 by test and training group.

There was no significant

difference knee flexion strength between the training
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groups (F(l,2) = 1.06, p = .41).

There was no

significant difference in knee flexion strength from pretest to post-test (F(l,2)

= 0.20, p = ~70), suggesting

that neither group improved their lRM strength.

Finally,

there was no significant interaction between training
group and test (F(l,2) = 1.22, p = 0.38).
The mean lRM knee extension values are presented in
Table 5 by test and training group. There was no
significant difference knee extension strength between
the training groups (F(l,2)

= 1.78, p = .31).

There was

no significant difference in knee extension strength from
pre-test to post-test (F(l,2)

= 1.96, p = .30),

suggesting that neither group improved their lRM
strength.

Finally, there was no significant interaction

between training group and test (F(l,2)

= 1.00, p = .42).

Discussion

The purpose of our study was to evaluate the
effectiveness of a landing technique versus a combined
landing technique and plyometric/strength training
program on lower extremity kinematics in females. The
primary finding in this study was that both training
groups reduced their knee valgus motion by18.65 ± 10.81
d during landing in the five jump condition, suggesting
/
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that landing technique training is equally as effective
as landing technique training combined with
strength/plyometric training.

In addition, while not

statistically significant, in the single landing
condition subjects in both training gro~ps reduced their
knee valgus motion by 15.48 ± 15.06 d.

From a practical

perspective, it may be sufficient for athletes to spend
time learning proper landing technique to avoid potential
knee valgus related injuries, freeing time for sport
specific training.
While the results presented above are encouraging,
it is of concern that both groups exhibited greater knee
valgus motion on the follow-up test, suggesting that the
effects of the training program may not be retained.
Furthermore, there is no direct evidence that
improvements in landing technique are employed by
athletes during competition.

It is plausible that

improvements in knee valgus kinematics may only be a
laboratory observed event which is abandoned by an
athlete attempting to pass by an opponent on the field or
court. There is however, indirect evidence based on
prospective injury analysis that training programs
similar to Appendix F do reduce the likelihood of injury
(Hewitt, 1999).

Hewett (1996) suggested that plyometric
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training in reduces lower extremity malalignment in
females.

Furthermore, it is believed to be related to

inefficient neuromuscular control and that plyometric
training may facilitate adaptations in the sensorimotor
system which enhances dynamic restraint mechanisms and
corrects faulty jumping or cutting mechanics. The results
of this investigation support the contention that landing
skill training is effective in improving knee valgus
malalignment.

As stated earlier, it is of concern that

after our two-week follow-up there was a trend that
represented that the subjects begin to revert to their
dynamic valgus deformity.
Onate et al. (2005) recently demonstrated that selffeedback or combined video-tape and self-feedback is
useful for increasing knee angular displacement flexion
angles and reducing peak vertical force during landing.
Our findings that landing technique training was as
effective as landing technique combined with
strength/plyometric training in reducing excessive knee
valgus motion during landing further support the idea
that improper landing alignment can be corrected through
instruction.

It is unknown at present if instruction

alone is sufficient in reducing excessive valgus motion
during landing, or that it is part of a comprehensive
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treatment.

.As stated by Hewett et al. ( 1999) the initial

phase of the training program needs to be devoted to
correction of the jump and landing techniques in the
female athletes. The four basic techniques that to be
stressed are: l) correct posture through the jump, 2)
jumping straight up with no excessive side-to-side or
forward backward movement, 3) soft landings, including
toe-to -heal or forward rocking and bent knees, and 4)
instant recoil preparation for the next jump.
From our observations consistent skill training in
combination of plyometric·and resistant training is most
effective to maintain proper biomechanics and kinetics
I

during landing maneuvers and activities. Our observations
also raise the question of: How often does this type of
training have to be prescribed to maintain the effects of
the initial training? This could also assist in the
research among female knee injuries.
Conclusion

There is not a distinction that either landing
technique versus a combined landing technique and
plyometric/strength training program significantly
decreases the valgus of the knee. Both training group
significantly decreased the knee valgus, suggesting that
landing technique that is equally as effective as landing

II

technique .training combined with strength/plyometric
training. Our research brings rise the question of
duration between training sessions there can be before
the treatment given looses·its effect? After just our two
week duration of no contact there was a-noticeable in the
subject's dynamic valgus from post-test and follow-up.
More testing is warranted with a larger subject pool.
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seek reapproval if the project extends beyond the termination date noted below. In
addition if there are any unanticipated adverse reactions or unanticipated events
associated with the coriduct of this research, you should immediately suspend the project
and contact the Chair of the HSIRB for consultation.
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Appendix B:

Glossary of Jump Training Exercise
1.180 jumps: two-footed jump. Rotate 180 in mid-air. Hold landing for 2 seconds and then
repeat in reverse direction.
2. Bounding for Distance: Start bounding in place and.slowly increase distance with each
step, keeping knees high.
3. Bounding in Place: Jump form one leg to the other straight up and down, progressively
increasing rhythm and height.
4. Broad Jumps- Stick (hold) Landing: Two-footed jump as far as possible. Hold landing for 5
seconds.
5. Cone Jumps: Double-legged jump with feet together. Jump side-to-side over cone quickly.
Repeat forward and backward.
6. Hop, Hop Stick: Single-legged hop. Stick second landing for 5 seconds. Increase distance
of hop as technique improves.
7. Jump into Bounding: Two-footed broad jump. Land on single leg, then progress into
bounding for distance.
8.Jump,, Jump, Jump, Vertical Jump: Three broad jumps with vertical jump immediately after
landing the third broad jump.
9. Mattress Jumps: Two-footed jump on mattress, tramp, or other easily compressed device.
Perform side-to-side and back-and-forth.
10. Scissors Jumps: Start in stride position with one foot well in front of other. Jump up,
alternating foot positions in mid-air.
1 I.Single-legged Jumps, Distance: Single-legged hop for distance. Hold landing (knees bent)
for 5 seconds.
12.Squat Jumps: Standing jump raising both arms overhead, land in squatting position
touching both hands to floor.
13. Step, Jump Up, Down, Vertical: Two-footed jump onto a 6- to 8-inch step. Jump off step
with two feet, then vertical jump.
14. Tuck Jumps: From standing position jump, and bring both knees up to chest as high as
possible, Repeat quickly.
15. Wall Jumps (Ankle Bounces): With knees slightly bent and arms raised overhead, bounce
up and down off toes.
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APPENDIXC:

Inclusion/ Exclusion Questionnaire
Please read the questions carefully and answer each one honestly. Circle YES or NO.

1. Are you between the ages of 18-35?

YES

NO

2. Have you had any injury to your lower extremity in the past
4 weeks?

YES

NO

3. Are you currentlyinvolved in plyometric &/or weight training
exercises or rehabilitation?

YES

NO

4. Have you undergone any surgical procedure involving the
lower extremity within the past year?

YES

NO

5. Do you have full range of motion in all of your lower extremities?

YES

NO

6. Do you currently have pain when you walk?

YES

NO

7. Do you have a history of joint or bone disorders
(i.e. arthritis, fibromyalgia, chronic tendonitis etc.)

YES

NO

8. Are you allergic to athletic tape?

YES

NO

I have read, understood, and completed this questionnaire. Any questions I had were
answered to my full satisfaction. I am aware that if I do not meet the inclusion
criteria for this study I will not be permitted to participate. However, I understand I
will receive no penalty, risk of loss of service I would otherwise receive or negative
affects on me or my status in HPER classes if I do not meet the inc;lusion criteria;
Name _ _ _ _ _ _ _ _ __

Date _ _ _ _ _ _ _ _ __

Signature _ _ _ _ _ _ _ __

Witness _ _ _ _ _ _ _ __
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APPENDIXD:

Par-Q
Please read the questions carefully and answer each one honestly. Circle YES or NO.

1. Has your doctor ever said that you have a heart
condition and that you should only do physical
activity recommended by a doctor.

YES

NO

2. Do you feel pain in your chest when you engage
in physical activity?

YES

NO

3. In the past month, have you had chest pain when you
were not doing physical activity?

YES

NO

4. Do you lose your balance because of dizziness or do
you every lose consciousness?

YES

NO

5. Do you have a bone or joint problem that could be
made worse by a change in your physical activity?

YES

NO

6. Is your doctor currently prescribing dmgs for
a blood pressure or heart condition?

YES

NO

YES

NO

7. Do you know of any other reason you should not
participate in physical activity engage in physical activity?

I have read, understood, and completed this questionnaire. Any questions I had were answered

to my full satisfaction.
Name _ _ _ _ _ _ _ _ _ __

Date _ _ _ _ _ _ _ _ _ __

Signature _ _ _ _ _ _ _ __

Witness _ _ _ _ _ _ _ _ __
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APPENDIXE:

Written Informed Consent
Western Michigan University
Department of Health, Physical Education. and Recreation
Principal Investigator: Dr. Mark Ricard
Student Investigator: Kirsten R. Holmes
Purpose: You have been invited to participate in a research project entitled "Does Plyometric Jump
Training and Weight Training have an effect on Knee Angular Displacement on Genum Valgus Knee
Deformity during Landing activities?" This research is intended to study the effects of plyometric and
weight training performed on landing kinematics and kinetics. The primary goal of this study is to
evaluate the effectiveness of a combined plyometrics, weight training, and landing technique training
on lower body kinematics and kinetics in females. The data collect will be used to help rehabilitation
specialists to understand how to utilize this technique in the prevention rehabilitation of anterior
cruciate ligament injuries. This research is experimental and is Kirsten R. Holmes' thesis project.
During this study you will be asked to undergo plyometric jumping training and weight training
exercises for approximately six weeks. These exercises will be conducted for forty-five minutes three
times a week during this period.
Also during this study you will undergo video analysis of the frontal view which will synchronized to
collect data on knee genu valgus and genu varus deformity as well as knee angular displacement
during landing activities.

Procedure: To begin the study you will be asked to attend an informational meeting in the
Biomechanics Laboratory at Western Michigan University. The laboratory is located in the Student
Recreation Center room 1060. At this meeting the study process will be reviewed and the plyometric
jump training and weight training exercises will be demonstrated. A protocol of plyometric jump
training and weight training exercises to perform over the next six-week period will be given to you at
this time. Also at this meeting you will be asked to give your consent to participate in the study and fill
out a questionnaire regarding inclusion and exclusion criteria for participating in the study.
At this time you will be asked to schedule an individual testing session described as a pre test with
Kirsten. Before the pre test begins you will need to answer questions regarding name, age, weight, •
height. You will also complete Q-angle measurements of both right and left knees. This will require
you to be in shorts.
The pre test, post test, and follow-up two weeks post test will involve video analysis. Each subject will
have surface surface reflective markers placed on the spandex over their greater tuberocity, lateral tibal
plataue, and lateral malleolus. YOU will perform 3 counter movement jumps.
You will be randomly assigned (name chosen from a hat) to either the control group or the
experimental group. The control and experimental group will undergo the pre test, post test, and
follow up two week post testing with the video analysis. The control group will be asked to continue
their normal daily activities throughout the six-week period. The experimental group will participate
in the plyometric jump training and weight training program.
After completing the pre test you will be ask to complete the within the biomechanics laboratory. The
schedule for the jump training and weight training will be based on your availability and the
availability of the laboratory. You will perform the exercises for forty-five minutes a day three times
a week for a period of six weeks. While you are training, the principle and student investigators will be
supervising the exercises if any questions arise.
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If you miss a training session you will be contacted by phone and notified of make-up sessions.
However, you will not be coerced in any way to participate in the study if your schedule does not allow
or if you have decided not to participate. If you miss more then three sessions without making them up
at a later date you will be excluded from the study.
Upon completion of the training period you will once again be asked to undergo the testing that
occurred in the pre test and once more as a follow-up two weeks after the post test. Once the three
testing sessions and the plyometric jump training and weight training periods are complete, data will be
analyzed and your involvement in the study is complete.

Risks: As in all research, there may be unforeseen risks to the participant. If an accidental injury
occurs, appropriate emergency measures will be taken; however, no compensation or treatment will be
· made available to you except as otherwise specified in this consent form.
Although this study involves a moderate level of physical activity and very selective inclusion criteria
there are potential risks to the participants. Every precaution will be taken to avoid the risks involved.
You may risk injury to the lower extremities, which may include sprains of ligaments and strains of
musculature.
If any injury is to occur during the course of this study it will be referred to Sindecuse Health Center
on the Western Michigan University campus. Any subject complaining of injury will be referred
immediately for assessment and evaluation.
We also understand that this study has a risk of inconvenience and loss of time to you. Your time
commitment in this study will consist of three testing sessions (pre, post, and follow-up two weeks)
which will last approximately forty-five minutes to an hour a piece and six weeks of plyometric jump
training and weight training. You will receive no direct benefit from participating in this study.
However, the information that is obtained could ultimately contribute to developing better
rehabilitation techniques for injuries.

Benefits: You will receive no direct benefit from participating in this study besides possibly
improving your strength and landing technique training period. However, the information that is
obtained could ultimately contribute to developing better and more efficient preventative and
rehabilitation treatments for anterior cruciate ligament injuries.
Conditions of Participation: In order to participate in this study you must be 18-35 years of age and
a student, staff or faculty member at Western Michigan University. You must also have no history of
lower extremity surgery with the past year, no history of bone or joint disease (arthritis, chronic
tendonitis etc.), no history of ankle or lower extremity injury within the past 4 weeks, full and pain-free
range of motion at the ankle, able to walk pain free, not currently undergoing any balance training and
you must be able to fit in shoe sizes 9-13 for men and 6-10 for women.
Confidentiality and Records: In order to maintain confidentiality the study will be focused on group
not individual data and an identification number (rather then your name) will be used to record data.
Following the study, the primary investigator and the research committee will have access to the
original data. The original data will be retained in a locked cabinet for a minimum of threeyears after
completion of the study in the department of Health, Physical Education, and Recreation at Western
Michigan University and then destroyed. The results of the research may be published but your name
and identity will not be revealed. In order to maintain confidentiality of your records only aggregate
data will be used.
Contact Person: You may refuse to participate or quit at any time during the study without prejudice,
penalty, or risk of loss of service you would othenvise receive. Your class status in any HPER class
will not be affected if you choose not to participate. If you have any questions or concerns about this
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study, you may contact either Dr. Mark Ricard at 269-387-2546 or Kirsten Holmesat 269c.387 You
may also contact the chair of Human Subjects Institutional Review Board at 269-387-8293 or the vice
president for research at 269-387-8298 with any concerns that you have regarding the study.
Your signature below indicates that you have read the above information. The nature, demands, risks,
and benefits of the project have been explained to you. You knowingly assume the risks involved. In
signing the consent form, you are not waiving any legal claims, rights, or remedies.
This consent document has been approved for use for one year by the Human Subjects Institutional
Review Board as indicated by the stamped date and signature of the board chair in the upper right
comer. Do not participate in this study if the stamped date is more than one year old.
· Your signature below indicates that you have read and/or had explained to you the purpose and
requirements of the study and· that you agree to participate.

Permission obtained by:

Subject's Name (Print)

Subject's Signature

Date

Signature (Principal Investigator)

Date
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APPENDIX: F

Plyometric Jump Training Exercises 1
Exercise

Duration or repetitions by Week

Phase I: Technique
1. Wall jumps
2. Tuckjumps*
3. Broad jumps stick (hold)
landing
4. Squat jumps*
5. Double-legged cone jumps*
(side-to-side & back-to-front)
6. 180 deg jumps
7. Bounding in place

Weekl
20sec
20 sec
5 reps

Phase II:
1. Wall jumps
2. Tuck jumps*
3. Jump, jump, jump, vertical
4. Squat jumps*
5. Bounding for distance
6. Double-legged cone jumps*
(side-to-side & back-to-front)
7.Scissors jump
8.Hop, Hop, stick landing*

Week3
30sec
30sec
5 reps
20ssec
1 run
30sec/30sec

Phase III:
1. Wall jumps
2. Step, jump down, vertical
3. Mattress jumps
(side-to-side & back-to-front)
4. Singk-legged jumps distance*
5. Squat jumps*
6. Jump into bounding*
7. Hop, hop, stick landing

WeekS
30sec
5 reps
30sec/30sec

10sec
30sec/30sec
20 sec
20 sec

30sec
5 reps/leg

5reps/leg
25sec
3runs
5reps/leg

Week2
25sec
25sec
lOreps
15sec
30sec/30sec
25 sec
25sec

Week4
30sec
30sec
8 reps
20sec
2 runs
30sec/30sec
30sec
5reps/leg

Week6
30sec
lOreps
30sec/30sec
5reps/leg
25sec
4runs
5reps/leg

Before plyometric jumping exercises: Stretching (15-20 minutes), skipping (2 laps),
side shuffle (2 laps)
Post-training: Cool-down walk (2 minutes), stretching (5minutes)
*These jumps performed on mats.
Note: Each jump exercise is followed by a 30-second rest period.
1
Adopted from (Hewett, 1999)
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APPENDIX: G

Mean and SD for Knee Valgus Angle by Test and Training
Group for Landing Condition

Technique
Only
Strength &
Technique
Test Means

Pre Test
9.22 ± 1.26

Post Test
-4.22 ± 19.17

Follow up Test
-6.20 ± 11.17

Group Means
-0.40 ± 12.50

0.23 ±2.33

-17.28 ± 13.38

-7.19 ± 6.83

-8.08 ± 10.40

4.73 ±5.40

-10.75 ± 15.50

-6.70 ±7.60

* Significant difference between pre-test and post-test.
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APPENDIX: H

Mean and SD for Knee Valgus Angle by Test and Training
Group for Five Jump Landing Condition
Group

Pre Test

Post Test

Technique
Only
Strength &
Technique
Test Means

4.81 ± 1.57

*

-8.59 ± 13.48

Follow- up
Test
-5.61 ±7.91

-3.14 ± 9.40

4.71 ±3.66

-19.19 ± 7.31

-10.50 ± 15.02

-8.33 ± 13.3

4.76 ± 2.30*

-13.89 ± 10.80 -8.06 ± 10.20

Significant difference between pre-test and post-test.
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Group Means

APPENDIX: I

Mean and SD for 1 RM Knee Flexion Strength by Test and
Training Group

Technique
Technique &
Strength
Test Means

Pre Test (lbs)
28.75 ± 1.78
38.75 ± 12.37

Post Test (lbs)
32.50± 3.53
30.00 ± 3.53

33.75 ±9.24

31.25 ±3.27
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Group Mean (lbs)
30.63 ± 3.15
34.38 ± 8.98

APPENDIX: J

Mean and SD for 1 RM Knee Extension Strength by Test and
Training Group
Technique
Technique &
Stren_gth
Test Means

Pre Test (lbs)
62.50±7.07
42.50 ± 17.68

Post Test (lbs)
63.75 ± 1.77
50.00 ± 17.67

52.50 ± 15.94

56.88 ± 15.21
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Group Mean (lbs)
63.13 ±4.27
46.25 ± 15.07

